Summary: To clarify the true nature and the mechanism of the human adductor brevis (specific adductor brevis, SAB) innervated dually by the anterior and posterior branches of the obturator nerve, we have carried out gross anatomical examination of 100 body halves of 50 adult Japanese cadavers.
(21/23 thighs), and the posterior branch of the obturator nerve ran through the obturator externus (18/23 thighs, 78.3%) or ran over the obturator externus (5/23 thighs, 21.7%), and finally emerged into the thigh.
In view of the mode of origin of the filament(s), the structural element of the filament(s), and the pattern of entry of the filament(s) into the SAB, the fasciculus of the SAB, which is innervated by the posterior branch of the obturator nerve, was considered to originate in the obturator externus. Thus, the true nature of the SAB was concluded to be a complex product which was formed by a mechanism in which the fasciculus, which had separated from the obturator externus during the process of ontogeny, fused secondarily to the posterior surface of the regular adductor brevis. From findings in our series of studies, it was estimated that the maximum frequency of occurrence of the SAB could be 56%. Furthermore, from a statistical point of view, the segmental composition or course of the obturator nerve is not considered to be related to either the formation or the incidence of this muscle.
The topographic-anatomical relationship between the anteromedial muscle group of the thigh and the obturator nerve has been the subject of intense investigative effort during the past century (Macalister, 1871; Testut, 1892; Loth, 1912; Frohse & Frankel, 1913) . These reports, except that of Frohse Frankel (1913) , provide general information on the origin and insertion of the muscle and its adhesion to neighbouring muscles concerned, but they do not address its nerve supply. Some investigators have stated that the adductor brevis usually receives, at its anterior surface, twigs from the anterior branch of the obturator nerve and occasionally receives, at its posterior surface, filament(s) from the posterior branch of the nerve (Bardeen, 1907; Hasue, 1958; Tozinbara, 1960) . However, they did not discuss the true nature and mechanism of formation of this dually innervated muscle. Therefore, the true nature of this muscle and mechanism of its formation still remains to be elucidated. We previously reported a supernumerary muscle occurring between the adductors brevis and minimus in humans (Nakamura et al. 1992) .
In this context, the present study was undertaken to determine the morphological characteristics of the adductor brevis dually innervated by the anterior and posterior branches of the obturator nerve and tentatively called here the specific adductor brevis (SAB). Moreover, two questions were proposed: 1) Why have various figures for the incidence of the SAB been reported by different investigators? 2) How are the segmental composition of the obturator nerve and its course related to the incidence of the SAB? We here describe the topographic-anatomical relationships of the SAB to its nerve supply and discuss the true nature and the mechanism of formation of the SAB.
Materials and Methods
The materials and dissection methods used were the same as those described previously (Nakamura et al. 1992 ). All SAB structures found in this study were dissected out in the form of a nerve-muscle specimen, and the intramuscular distribution of the supplying nerves in each specimen was examined under a stereomicroscope.
Results
The SAB was found in 23 of the 100 thighs examined (incidence, 23.0%) ( Table 1) . By definition, the adductor brevis that is innervated only by the anterior branch of the obturator nerve, namely the regular adductor brevis, is abbreviated as RAB below.
The SAB, like the RAB, unexceptionally arose from the upper part of the inferior ramus of the pubis, ran obliquely downwards and laterally while Table I . Incidence of the adductor brevis dually innervated by the anterior and posterior brandies of the obturator nerve (SAB) gradually increasing in width, and was inserted into the upper third of the medial lip of the linea aspera of the femur. Like the RAB, the insertion of the SAB had either a single digitation (3/23 thighs, 13.0%) or double digitations (20/23 thighs, 87.0%). In the case of double digitations, the insertion aponeurosis was split by twigs from the deep branches of the medial circumflex femoral artery and vein. Figure 1 shows the pattern of entry of the anterior and posterior branches of the obturator nerve into the SAB. The obturator nerve innervating the SAB received fibers from L1234 (first, second, third and fourth lumbar nerves) in 2 of the 23 thighs or from L234 in 21 of the 23 thighs ( Table 2 ). The obturator nerve emerged through the medial side of the psoas major to enter the pelvic cavity and ran downwards and forwards along the inner surface of the pelvic wall. It divided into the anterior and posterior branches before entering the obturator canal. After passing through the obturator canal, the anterior branch either passed through the obturator externus (12/23 thighs, 52.2%) or ran over the upper margin of the obturator externus (11/23 thighs, 47.8%), and finally emerged in the thigh. In the thigh, the anterior branch to the SAB, like the anterior branch supplying the RAB, ran between the pectineus and the obturator externus, then between the adductors longus and brevis, while being divided into several terminal branches. One of these branches was divided into several twigs entering the anterior surface of the SAB. The posterior branch of the obturator nerve, on the other hand, after giving off several twigs to the obturator externus, ran through the obturator canal, then either perforated the obturator externus (18/23 thighs, 78.3%) or ran over its upper margin (5/23 thighs, 21.7%), and finally emerged into the thigh (Table 4 ). In the thigh, the posterior branch ran between the pectineus and the obturator externus, and then was divided into several terminal branches while running between the SAB and the adductor miniums. The SAB was innervated by the (Fig. 4) .
Discussion
1) The true nature of the SAB Before discussing the true nature and the mechanism of formation of the SAB, it is necessary to identify the regular adductor brevis (RAB). We previously described the characteristics of the RAB in detail (Nakamura et al. 1992 ) and have stated that the RAB is sandwiched by the anterior and posterior branches of the obturator nerve and receives the twigs from the anterior branch at its anterior surface. We stated also that the adductor brevis innervated only by the posterior branch of the obturator nerve, which has been reported by Bardeen, 1907 (5 cases), by Hasue, 1958 (1 case) and by Moghaddam, 1963 (1 case), cannot be regarded as the RAB. Thus, the SAB should be considered to be a complex product formed with the RAB and an unknown fasciculus.
The true nature of anomalous muscle has conventionally been studied by two methods . One is the method based on the topographic-anatomical relationship between anomalous muscle and its nerve supply (Eisler, 1912; Sato, 1971; Kasai & Chiba , 1977; Kato & Sato, 1978; Sato, 1980; Miyauchi , 1983; Yamada, 1986; Koizumi, 1989; Sakamoto , 1989) , and the other is that based on the topographic relationship between anomalous muscle and adjacent muscles (Ruge, 1905) . Since a muscle can usually maintain the most stable relationship with innervating nerves, it is reasonable to discuss the true nature of anomalous muscle on the basis of the relationship to its nerve supply. Therefore, we discuss below the true nature of the SAB based on its topographicanatomical relationship to its supplying nerves.
As stated above, the SAB was found by us in 23 of the 100 thighs. In 14 of the 23 thighs (60.9%), the SAB is not only innervated from its anterior surface by the muscular twigs originating from the anterior branch of the obturator nerve but also innervated from its posterior surface by the filament(s) arising from one of the twigs which originate from the medial stratum of the posterior branch of the obturator nerve and are distributed in the obturator externus ( Fig. 2a and b) . Thus, the fasciculus of the SAB, which is innervated by the posterior branch, is thought to be the fasciculus derived from the obturator externus from the viewpoints of the origin of the filament(s) and its entry into the muscle.
In 9 other thighs (39.1%), since the filament(s) derived directly from the posterior branch enters the SAB from its posterior surface, the fasciculus innervated by the filament(s) cannot simply be considered to have originated from the obturator externus. However, the filament(s) in each of these nine cases originates from the medial stratum of the posterior branch and enters the SAB from its posterior surface in a manner similar to that of the filament(s) in the other 14 cases (Fig. 3a and b) . On the basis of the pattern of entry of the filament(s) into the SAB and the point of origin of the filament(s) in the posterior branch, the fasciculus innervated by the filament(s) from the posterior branch is considered to be derived also from the obturator externus.
It is therefore concluded that the true nature of the SAB is a complex produced by a mechanism in which the fasciculus, which has separated from the obturator externus to become independent, has fused to the posterior surface of the RAB during the process of ontogeny.
Whether the SAB-fasciculus innervated by a posterior branch is derived from the adductor minimus is also discussed below. Before to discussing this, the topographic-anatomical relationship between the posterior branch of the obturator nerve and the adductor minimus must be elucidated first. It has been widely reported that the posterior branch of the obturator nerve emerges into the thigh through the obturator canal, and then runs distally along the anterior surface of the adductors minimus and magnus to give off several twigs to both muscles from their anterior surface (Bailer, 1904; Bardeen, 1907; Frohse & Frânkel, 1913; Braus & Elze, 1960; Tozinbara, 1960; Moghaddam, 1963; Hollinshead, 1974; Williams et al. 1989 ). In the present study, the posterior branch of the obturator nerve was found to run distally along the anterior surfaces of the adductors minimus and magnus in all 100 thighs and to supply the several twigs to the adductor minimus from their anterior surfaces (Figs 5a, b and 6a, b) . These twigs arose from the lateral stratum of the posterior branch of the obturator nerve. Moreover, in 4 of the 100 thighs, the posterior branch of the obturator nerve supplied a twig from its medial stratum to the posterior surface of the adductor minimus. We presently regard the muscle in the above four cases as a structure in which the superficial fasciculus separated from the obturator externus fused with the posterior surface of the pure adductor minimus. The true nature of the adductor minimus receiving twigs from the posterior branch at its anterior and posterior surfaces will be discussed later.
Thus, the pure adductor minimus may be located on the dorsal side of the posterior branch and may receive twigs from the lateral stratum of the posterior branch at its anterior surface. If it is assumed that the superficial fasciculus separated from the adductor minimus and fused with the dorsal side of the RAB, this fasciculus would be situated on the dorsal side of the posterior branch of the nerve and would receive twigs from the posterior branch at its anterior surface. Moreover, since the twigs innervating the adductor minimus originate in the lateral stratum of the posterior branch, the twigs innervating the superficial fasciculus of the adductor minimus must originate also from the lateral stratum of the posterior branch. However, the fasciculus of the SAB, which was innervated by the posterior branch, was located on the ventral side of the posterior branch as stated in Results, and received the filament(s) from the medial stratum of the posterior branch at its posterior surface. Thus, on the basis of the topographicanatomical relationship between the posteriorbranch-innervated fasciculus of the SAB and the posterior branch of the obturator nerve and also on the basis of the pattern of the origin of the supplying nerve, the posterior-branch-innervated fasciculus of the SAB cannot be derived from the adductor minimus.
2) Relationship of the SAB to the supernumerary muscle occurring between the adductors brevis and mini mus
We previously reported that the supernumerary muscle frequently (incidence, 33%) occurs between the adductors brevis and minimus (Nakamura et al. 1992 ). Both the supplying branch for the supernumerary muscle and that for the superficial fasciculus of the obturator externus arise from the medial stratum of the posterior branch of the obturator nerve, and occasionally from a common trunk. When these branches independently originate from the posterior branch, their sites of origin are very close to each other. Thus, these branches are homologous to each other or very closely related. From this relationship between these branches, we consider that the supernumerary muscle has its origin in the obturator externus.
As mentioned in the previous section, based on the mode of the nerve supply, the fasciculus of the SAB innervated by the posterior branch of the obturator nerve is considered to be derived also from the obturator externus. In conclusion, the fasciculus of the SAB supplied by the posterior branch of the obturator nerve and the supernumerary muscle should be considered to be homologous to each other. Kodama (1986) and Kida (1990) have suggested that the muscular branches arising from the same stratum of a nerve trunk are essentially distributed in the muscular components of the same series, and the closer is the relation between the muscular branches, the closer are their sites of origin in the nerve trunk. These findings of Kodama and Kida support our concept that the supernumerary muscle and the fasciculus of the SAB innervated by the posterior branch of the obturator nerve are homologous to each other.
The anterior surface of the supernumerary muscle is separated from the posterior surface of the RAB by the fascia and twigs from the deep branch of the medial circumflex femoral artery and vein. It is widely accepted that the course of blood vessels and the pattern of their distribution to muscles exhibit great variations. Therefore, if blood vessels do not run between the supernumerary muscle and the RAB and if there is little fascia (connective tissue) between the supernumerary muscle and the RAB, both muscles can easily fuse with each other. On this basis, we consider that the SAB is a complex produced by the fusion of the supernumerary muscle with the posterior surface of the RAB (Figs. 5a, b  and 6a, b) .
In our close examination of the intramuscular distribution of nerves supplying the SAB, the regions in which the anterior and posterior branches of the obturator nerve were distributed could clearly be distinguished from each other. This finding also support our concept stated above.
The superficial fasciculus of the obturator externus is thought to be intrinsically unstable. This fasciculus frequently separates from the obturator externus and becomes independent (this was observed in 56 of the 100 thighs (56%) in our study), and either maintains its independence depending upon the developmental state of adjacent organs (supernumerary muscle, in 33 of the 100 thighs [33%1 in our study) or fuses secondarily to the posterior surface of the RAB (SAB, in 23 out of the 100 thighs).
It is stated in Gray's Anatomy (Williams et al. 1989 ) that the adductor brevis is innervated by the posterior branch of the obturator nerve whenever it is not innervated by the anterior branch of the obturator nerve, but it is impossible for this to occur in the light of our findings.
3) The incidence of occurrence of the SAB We found the SAB in 23 of the 100 thighs (23%). The incidence of the SAB as reported in previous studies is shown in Table 1 .
As mentioned in the preceding section, the superficial fasciculus is separated from the obturator externus at a frequency of 56% . Thus, it is possible that the SAB is also produced at a maximum incidence of 56% or at a minimum incidence of 0% depending upon the developmental state of the adjacent organs. On the other hand, the incidence of occurrence of the supernumerary muscle decreases as the incidence of the SAB rises; that is, the sum of the incidence of the SAB and that of the supernumerary muscle should be 56% . The figures for the incidence of occurrence of the SAB reported by Bardeen (1907) and Hasue (1958) are extremely low, compared with ours. Moreover, these investigators paid no attention to the suppernumerary muscle appearing between the adductors brevis and minimus. Hokanishi (1957) reported that the mean diameter of the twigs that were derived from the anterior branch of the obturator nerve and were distributed in the adductor brevis in adult human cadavers was only 853 tim. When the adductor brevis is dually innervated by the anterior and posterior branches of the obturator nerve, the filament(s) from the posterior branch is much thinner than the twigs from the anterior branch. It is possible, therefore, that Bardeen and Hasue missed the filament(s) from the posterior branch. The incidence of occurrence of the SAB reported by Tozinbara (1960) is higher than ours. However, he did not include the supernumerary muscle and it is possible that he overlooked it. If the supernumerary muscle is taken into account, then the incidence of occurence of the SAB might approach 56%.
4)
Relationship of the course of the posterior branch and the segmental composition of the obturator nerve to the formation of the SAB.
The anterior branch of the obturator nerve will not be discussed further because it is not particularly important for the formation of the SAB. The topographic-anatomical relationship between the posterior branch of the obturator nerve and the obturator externus is shown in Table 4 .
The thighs observed in the present study are divided into the following three groups: group A, thighs with the SAB; group B, thighs with a supernumerary muscle appearing between the adductors brevis and minimus; and group C, other thighs (referred to below as usual thighs). Then, whether the course of the posterior branch of the obturator nerve affects the incidence of the SAB was statistically examined by using the chi-square test for independence. No significant differences were found between the groups A and C (X2 = 1.955), between groups A and B (X2 = 0.048), between groups B and C (X2 = 1.782) or between groups A + B and C (X2 = 2.791). From a statistical point of view, it is concluded therefore that the presence or absence of the posterior branch running through the obturator externus has no influence on the incidence of the SAB.
The segmental composition of the obturator nerve obtained in the present study is shown in Table 2 , and the relevant information reported by other investigators is presented in Table 3 . The results in Tables 2 and 3 resemble each other. Moreover, the segmental compositions of the obturator nerve and their incidence in thighs with the SAB are also similar to those in usual thighs. Therefore, the segmental composition of the obturator nerve is thought to have little effect on the incidence of the SAB.
On the basis of the above findings and discussion, we propose the following as the true nature and the mechanism of formation of the SAB. Because of the intrinsic instability of the superficial fasciculus of the obturator externus, this fasciculus often separates from this muscle during the process of ontogeny, and appears as an independent structure between the adductors brevis and minimus as observed in 56 of the 100 thighs. Depending upon the developmental condition of the adjacent organs, this fasciculus maintains its independence (as in 33 of the 100 thighs) or secondarily fuses with the posterior surface of the RAB (as in 23 of the 100 thighs). Thus, the SAB is thought to be a complex produced by the fusion of the RAB and the superficial fasciculus of the obturator externus. The adductor brevis and superficial fasciculus of the obturator externus have been reflected medially and laterally, respectively. The anterior branch has been medially displaced. The SAB is innervated, from its posterior surface, by a filament (arrow) directly originating from the posterior branch, and the site of its origin is close to that of the twig being supplied to the superficial fasciculus of the obturator externus. The filament for the SAB is indicated by a small underlying piece of black paper. , is close to that of the twigs to the obturator externus.
